Carotenoid distribution and deepoxidation in thylakoid pigment-protein complexes from cotton leaves and bundle-sheath cells of maize.
In response to excess light, the xanthophyll violaxanthin (V) is deepoxidized to zeaxanthin (Z) via antheraxanthin (A) and the degree of this deepoxidation is strongly correlated with dissipation of excess energy and photoprotection in PS II. However, little is known about the site of V deepoxidation and the localization of Z within the thylakoid membranes. To gain insight into this problem, thylakoids were isolated from cotton leaves and bundle-sheath strands of maize, the pigment protein-complexes separated on Deriphat gels, electroeluted, and the pigments analyzed by HPLC. In cotton thylakoids, 30% of the xanthophyll cycle pigments were associated with the PS I holocomplex, including the PS I light-harvesting complexes and PS I core complex proteins (CC I), and about 50% with the PS II light-harvesting complexes (LHC II). The Chl was evenly distributed between PS I and PS II. Less than 2% of the neoxanthin, about 18% of the lutein, and as much as 76% of the β-carotene of the thylakoids were associated with PS I. Exposure of pre-darkened cotton leaves to a high photon flux density for 20 min prior to thylakoid isolation caused about one-half of the V to be converted to Z. The distribution of Z among the pigment-protein complexes was found to be similar to that of V. The distribution of the other carotenoids was unaffected by the light treatment. Similarly, in field-grown maize leaves and in the bundle-sheath strands isolated from them, about 40% of the V present at dawn had been converted to Z at solar noon. Light treatment of isolated bundle-sheath strands which initially contained little Z caused a similar degree of conversion of V to Z. As in cotton thylakoids, about 30% the V+A+Z pool in bundle-sheath thylakoids from maize was associated with the PS I holocomplex and the CC I bands and 46% with the LHC II bands, regardless of the extent of deepoxidation. These results demonstrate that Z is present in PS I as well as in PS II and that deepoxidation evidently takes place within the pigment-protein complexes of both photosystems.